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EXPERIMENTAL FACILITIES DEVELOPMENT 
A. Facilities in Operation 
1. Target Area Improvement 
As a result of the Cooler and Dual Spectrometer 
projects, efforts were made to reduce the amount of man 
power devoted to target area development and 
improvement throughout 1984. These efforts are 
reflected in both the scope and number of experimental 
facility developments accomplished. An active research 
program was supported in the normal way by the research 
support personnel of the laboratory and some 
significant improvements made. 
The target drive of the beam swinger facility was 
reworked in order to restore the capability for target 
changes from the cyclotron control room. A 20-foot 
wide path was cleared by removing brush and small trees 
on the 45-degree flight line to allow placement of a 
neutron detector hut at 160 meters. A number of 
temporary modifications were made in a zero degree hut 
setup in order to accommodate an engineering model of 
the COMPTEL telescope for study of neutron backgrounds 
and for calibration as a neutron detection device. In 
order to reduce backgrounds for (n,p) experiments, the 
exit of the swinger vacuum chamber was modified. The 
exit opening (and the next downstream section of 
beamline) were enlarged so that beam could not 
scrape the thick aluminum wall. This required 
unstacking most of the shielding around the beamline 
just upstream of the beam dump. When restacking this 
shielding boron was added and care was taken to reduce 
background from fast neutrons as much as possible. 
To do (p,ply) experiments the QDDM spectrometer 
was modified twice by removing the sliding band 
scattering chamber and replacing it with a special 
low-mass scattering chamber. For the second of these 
runs, a table was fabricated to support two heavily 
lead-shielded bismuth germanate y-ray detectors. A 
lifting device was designed and fabricated to allow 
safe handling of liquid helium dewars for the CSB 
experiment. This device is suspended from the overhead 
I-beam supports for QDDM services and has proven useful 
for lifting various objects from the inside to the 
outside of the 2-foot high concrete spectrometer 
support ring and vice versa. Development of the focal 
plane polarimeter has continued. This work has been 
done primarily by experimenters with modest laboratory 
support. 
Some effort went into facilitating the CSB 
experiment. In particular; hardware to support, 
position, and allow removal of the liquid hydrogen 
target was fabricated and installed. A large chilled- 
water cooled air handler was installed to provide 
cooling for the CSB experiment. 
The QQSP was used routinely throughout this year 
with no significant mechanical modifications. 
For an experiment to measure tensor-polarized 
deuteron capture by hydrogen isotopes, a new double- 
sided scattering chamber was designed, fabricated and 
installed in the low-intensity experimental area 
(y-cave). A special setup was installed for the 
measurement of bit-flip rates in microprocessor chips. 
The out-of-the-plane table was installed and removed 
several times during the year. The now standard thin- 
wall-chamber (p,y) setup was routinely used several 
times as well. 
As usual the 64" scattering chamber has been used 
for a variety of experiments this year. A major effort 
has gone into providing good vacuum for those 
experiments which use channel plate detectors. The 
encoders for digital readout of target angle and table 
position have been replaced. In addition, the 
mechanism for the target angle readout has been 
modified to move critical components out of the vacuum. 
The in-line cryo-trap for catching oil coming down the 
beamline before it enters the scattering chamber has 
been rebuilt. Discussions continue about modifications 
of the chamber to allow out-of-the-reaction-plane 
measurements with this chamber. 
2. Spin Rotation and Polarization Transfer Facility 
During 1983, the development of the horizontally 
polarized beam was completed with the demonstration 
that high polarization from separated turns could be 
achieved up to 200 MeV, and that the polarization 
direction could be adjusted through changing the turn 
number of the beam in the main stage cyclotron. The 
next phase of the development was the calibration of 
the two high-energy beam line polarimeters, which was 
completed by March, 1984. Since that time, operation 
of the horizontally polarized proton beam has been 
devoted to calibration of the polarimeter for the focal 
plane of the QDDM spectrometer, and the measurement of 
spin rotation and polarization transfer in proton 
elastic and inelastic scattering. 
The major components of the system are shown in 
Fig. 13. The spin precession solenoid is located 
downstream from the polarized ion source terminal. 
Roughly 200 A are required to precess the spin axis of 
the 600 keV beam into the horizontal plane. Because 
the spin does not precess in a perfectly horizontal 
plane during acceleration, some adjustment of this 
solenoid current is needed whenever the spin direction 
out of the main stage cyclotron is changed. The spin 
precession solenoid has a small focussing effect on the 
beam, and its operation at full current requires the 
readjustment of the steering and focussing in the low 
energy beam line. 
Customarily, the low energy polarimeter is used 
exclusively for measurements of the vertical beam 
polarization. With the spin precessed beam, this 
function is served during data acquisition by the two 
high energy polarimeters. However, neither of these 
polarimeters contains equipment to maintain the 
location and direction of the beam on the polarimeter 
target. It is therefore possible to obtain information 
SPIN PRECESSION SOLENOID 
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Figure 13. Map to scale of the beam line from the ion source to the QDDM magnetic spectrometer. The components 
described in the text are used to prepare and monitor the horizontally polarized proton beam. 
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only  on the  average magnitude of t h e  s p i n  "up" and C a l i b r a t i o n  of the  analyzing power of t h e  t h r e e  
"down" p o l a r i z a t i o n s  from the  i o n  source.  In  our  d e t e c t o r  p a i r s  was made by placing each polar imeter  
a p p l i c a t i o n ,  we make use of t he  automatic cen te r ing  on 
t h e  low energy polar imeter  t a r g e t  t o  o b t a i n  a measure 
of t h e  magnitude of the  s p i n  "up" and s p i n  "down" 
p o l a r i z a t i o n s  sepa ra t e ly  without i n t e r f e r e n c e  from 
l a r g e  sys temat ic  e r r o r s .  For t h i s  measurement, t he  
s p i n  precess ion solenoid  must be o f f .  
The l o c a t i o n s  of t he  high energy polar imeters  i n  
Fig.  13 were chosen t o  provide informat ion on a l l  t h ree  
p o l a r i z a t i o n  components. In  a s i n g l e  s c a t t e r i n g  
experiment,  p a r i t y  conservat ion does no t  permit a 
po la r ime te r  t o  be s e n s i t i v e  t o  the  component of t he  
p o l a r i z a t i o n  along the  beam d i rec t ion .  However, t he  
anomalous magnetic moment of t he  proton i s  l a r g e  enough 
t h a t  t he  l o n g i t u d i n a l  component a t  t he  QDDM t a r g e t  i s  
n e a r l y  sideways i n  the  switchyard ahead of the  36' bend 
i n t o  t h e  QDDM beam l i n e .  For 200 MeV, t h e  precess ion 
a n g l e  r e l a t i v e  t o  the  proton momentum i s  41 = 78.3'. 
The polar imeter  mounted i n  t h a t  l o c a t i o n  con ta ins  only 
one p a i r  of d e t e c t o r s  f o r  measuring the  sideways 
p o l a r i z a t i o n  a t  t h a t  point .  The l o n g i t u d i n a l  component 
PL a t  t he  QDDM t a r g e t  is  then given by 
s i n  (I 
where PR i s  the  sideways component measured by the  
upstream polar imeter ,  and PS i s  the  sideways 
component a t  t he  QDDM t a r g e t .  
The high energy po la r ime te r s  observe e l a s t i c  
s c a t t e r i n g  a t  20' from n a t u r a l  carbon t a r g e t s .  The 
t a r g e t s  a r e  i n  p l ace  dur ing da ta  a c q u i s i t i o n  a t  t he  
i n t o  the  QDDM beam l i n e  s o  t h a t  each d e t e c t o r  p a i r  i n  
t u r n  assumed a h o r i z o n t a l  o r i e n t a t i o n .  Then the  
analyzing power of t h a t  p a i r  was compared wi th  the  
analyzing power from e l a s t i c  s c a t t e r i n g  from 12c a t  
12.5' a s  measured i n  t h e  QDDM. That analyzing power 
i s  w e l l  known a s  a func t ion  of energy from double 
s c a t t e r i n g  experiments performed a t  Harwell and Orsay. 
(We found t h a t  proton-proton analyzing powers were too 
poorly known t o  provide  a c a l i b r a t i o n  standard.)  The 
c a l i b r a t i o n  was made i n  s t e p s  of 10 MeV between 170 and 
200 MeV. Analyzing powers f o r  t he  t h r e e  d e t e c t o r  
p a i r s  agreed w e l l  wi th  each other .  A band showing the  
p r e c i s i o n  of t h e  c a l i b r a t i o n  i s  given i n  Fig. 14. In  
a d d i t i o n  t o  the  p o l a r i z a t i o n  t r a n s f e r  experiments,  
t hese  po la r ime te r s  have been used f o r  two experiments 
involving v e r t i c a l l y  polar ized beam, s i n c e  they provide 
informat ion on the  beam p o l a r i z a t i o n  dur ing each run. 
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QDDM. The th ickness  i s  va r i ed  from 100 t o  800 pg/cm2 
Figure  14. Analyzing power c a l i b r a t i o n  f o r  t he  
t o  match the  computer dead time between s i n g l e s  events  high-energy beam l i n e  polar imeters  a s  a func t ion  of 
proton beam energy. The band follows the  mean of the  
from the  s i x  polar imeter  d e t e c t o r s  and the  coincidences  c a l i b r a t i o n s  f o r  each p a i r  of d e t e c t o r s ,  and has a 
width  given by t h e  s t a t i s t i c a l  e r r o r s  i n  the  
from the  f o c a l  plane d e t e c t o r  a r r ay .  c a l i b r a t i o n s .  
The d e t e c t o r s  i n  the  high energy po la r ime te r s  a r e  
2"x6" NaI(T1) c r y s t a l s ,  each preceded by a  b ras s  
c o l l i m a t o r  con ta in ing  a  1/4" tapered aper ture .  No 
a d d i t i o n a l  s h i e l d i n g  i s  used. These d e t e c t o r s  a r e  
s e n s i t i v e  t o  beam halo,  and c a r e f u l  beam l i n e  tuning is  
requ i red  i n  o rde r  t o  mainta in  r e s o l u t i o n  (usua l ly  l e s s  
than  1% f o r  the  e l a s t i c  peak). During c a l i b r a t i o n ,  i t  
was found t h a t  t he  downstream polar imeter  was l e s s  
s e n s i t i v e  t o  background from the  beam s t o p  i f  i t  was 
moved upstream. That polar imeter  i s  now loca ted  c l o s e  
t o  s t o p  4  i n  beam l i n e  5. In  t h i s  conf igurat ion,  beam 
c u r r e n t s  up t o  50 nA have been run wi th  s a t i s f a c t o r y  
r e s u l t s .  
A l l  of t he  p o l a r i z a t i o n  t r a n s f e r  experiments have 
run wi th  200 MeV beam energy. Careful  tuning i s  
r equ i red  a t  t h a t  energy t o  minimize the  v e r t i c a l  
s t e e r i n g  e f f e c t s  of t he  vz = 1 resonance i n  the  main 
s t a g e  cyclot ron.  S t a b l e  ope ra t ion  i s  obta ined dur ing 
c o o l  weather and a f t e r  t he  magnets have been a t  f u l l  
c u r r e n t  f o r  about two days. Adjustments t o  the  tune 
a r e  r equ i red  a t  l e a s t  once every day t o  mainta in  good 
t u r n  sepa ra t ion ,  and t h e r e f o r e  high hor i zona ta l  
p o l a r i z a t i o n ,  a t  e x t r a c t i o n  from both machines. 
3. Wire Chambers 
( i )  H e l i c a l  d e t e c t o r s  
Th i s  f a l l ,  dur ing a  long run on the  QDDM, t he  
h e l i x  developed a  "dead spot".  This h e l i x  had been i n  
use  f o r  over a  year .  The "dead spot"  is  an a r e a  on the  
h e l i x  where the  e f f i c i e n c y  i s  reduced. In  conjunct ion 
wi th  t h i s  reduced e f f i c i e n c y  the  dead spo t  is  
cha rac te r i zed  by a  sudden inc rease  i n  t h e  c u r r e n t  drawn 
from the  high vo l t age  supply while the  d e t e c t o r  i s  
exposed t o  l a r g e  background rad ia t ion .  When the  l a r g e  
background r a d i a t i o n  i s  removed the  c u r r e n t  w i l l  s t a y  
high f o r  awhile and, a f t e r  a  b r i e f  per iod of time, 
r e t u r n  t o  a  near  zero  value. 
The spa re  h e l i x  was exchanged f o r  the  h e l i x  wi th  a  
dead spot .  The spa re  h e l i x  immediately formed a  dead 
spo t  i n  the  same l o c a t i o n  t h a t  t he  spo t  had appeared on 
t h e  previous hel ix .  We now had no s p a r e  and two 
h e l i c e s  wi th  dead spots .  S imi l a r  "dead spo t s "  have 
been r epor t ed  i n  t h e  l i t e r a t u r e . l s 2 s 3  I n  o rde r  t o  keep 
t h e  experiment running a  cu re  suggested by M. Atac3 was 
attempted. 
To cu re  t h e  "dead spot"  approximately 0.12 
l i t e r s / M i n u t e  of C02 was bubbled through e t h y l  a l coho l  
(CH3CH20H) and mixed wi th  the  usua l  gas  mixture  of 1.25 
l i t e r s / M i n u t e  of Argon mixed wi th  0.29 l i t e r s /Minu te  of 
CO2. Since  t h i s  increased the  amount of C02 i n  t h e  
system the  ope ra t ing  vo l t age  was r a i s e d  from 2600 t o  
2800 v o l t s .  With t h i s  new gas  mixture  the  "dead spot"  
disappeared. Atac observed3 ". . . even a  damaged 
chamber can be success fu l ly  used when complete W 
quenching is  achieved". From t h i s  obse rva t ion  i t  
appears  t h a t  enough e t h y l  a l coho l  was added f o r  a  
chamber of these  dimensions (anode t o  cathode spacing 
7.9 mm, cathode wire  th i ckness  .05 mm, cathode wire  
spacing 0.5 mm) t o  keep a  s i g n i f i c a n t  number of UV 
photons from reaching the  cathode. This  conclus ion is  
f u r t h e r  supported by observat ions  a t  S L A C ~  ". . . t he  
l i t e r a t u r e  was searched f o r  the  abso rp t ion  p r o p e r t i e s  
of C02. A window was found a t  1200 Angstroms. This  
corresponded t o  the  emission l i n e s  of doubly ionized 
Argon". 
I n  a d d i t i o n  t o  so lv ing  the  problem of t h e  "dead 
spo t "  the  new gas  mixture allowed the  chamber t o  
ope ra t e  a t  h igher  background r a t e s  wi thout  drawing 
excess ive  dark cu r ren t .  
This  running mode was s o  success fu l  t h a t  a l l  1984. We were a b l e  t o  make f i lms  s u i t a b l e  f o r  vacuum 
f u t u r e  runs with the  h e l i x  w i l l  use t h i s  new gas  windows i n  p a r a l l e l  p l a t e  avalanche counters .  However, 
mixture.  t h e  th ickness  was not  uniform enough f o r  high vo l t age  
planes.  We f e e l  t h a t  t he  problem is with the  
( i i )  Multiwire Propor t ional  Chambers (MWPC) 
polypropylene and w i l l  t r y  polypropylene from d i f f e r e n t  
While i n v e s t i g a t i n g  the  breakdown of a MWPC used 
sources  i n  the  fu tu re .  
i n  the  CSB experiment i t  was not iced t h a t  t he  epoxy 
holding the  sense  wires was mixed i n c o r r e c t l y  a l lowing (v)  Gas handling system 
t h e  wires  t o  s l i p .  Consequently a l l  of t he  l a r g e  wire This year  we w i l l  cons t ruc t  a gas  handling system 
chambers f o r  CSB were examined and s e v e r a l  were found capable  of ope ra t ion  from a few Torr t o  10,000 Torr of 
t o  have i n c o r r e c t  epoxy mixtures.  For some of the  pressure .  
d e t e c t o r s  the  wires t h a t  had s l ipped  were replaced and 
( v i )  Low-Pressure Multi  Wire Chamber f o r  Heavy-Ion 
a l l  t he  wires  had more epoxy added t o  hold them i n  Detect ion 
place .  Following the completion of a prototype5 and i t s  
The gene ra l  purpose x-y p a i r  of MWPC's f o r  gene ra l  success fu l  ope ra t ion  i n  seve ra l  experiments6 two devices  
l a b  use has not been designed. I f  time permits  they of the  same type were r ecen t ly  designed, b u i l t  and 
w i l l  be designed and b u i l t  next year.  t e s t e d  with a 95 MeV 6 ~ i  Beam a t  IUCF.7 They a r e  x-y 
An x-y-U chamber has been designed f o r  use i n  the  p o s i t i o n  s e n s i t i v e  with a c t i v e  a rea  of 17x17 cm2, 
n-p experiment. The chamber has a s i n g l e  anode plane p o s i t i o n  r e s o l u t i o n  b e t t e r  than 2 mm, t iming r e s o l u t i o n  
wi th  a delay l i n e  connecting the  anode wires.  Each -700 ps. There a r e  no bas i c  changes i n  the  apparatus  
ca thode is  connected t o  a sepa ra t e  delay l i n e .  One cons t ruc t ion  with r e spec t  t o  the  prototype. The wire 
ca thode has wires  perpendicular  t o  the  anode wires.  spacing i s  2 mu, gap between cathode and anodes 3 mm, 
The o the r  cathode has wires  a t  a 45" angle  t o  the  anode ope ra t ing  vo l t age  -570 V a t  8 t o r r  of i sobutane.  
wires .  With t h i s  arrangement mul t ip l e  h i t s  can be 
1)  G. Charpak, B.G. Fishe r ,  C.R. Gruhn, A. Minten, F. 
s o r t e d  out.  If t ime permits they w i l l  be b u i l t  next S a u l i ,  and G. Ploh, k c l .  I n s t .  and Meth. 2, 279 
( 1  972). 
year .  
2) R. Thun, C.W. Akerlof,  P. Alley,  D. Kol t ick ,  R.L. 
Loveless,  D . I .  Meyer, M. Zumberge, D. Bint inger ,  
( i i i )  Wire winding machine R.A. Lundy, D.D. Yonanovich, W.R. M t z l e r ,  D.A. 
F in ley ,  F.J. Loe f f l e r ,  E.I. Shibata ,  and K.C. 
The wire  feed device  has been b u i l t  f o r  t he  wire S t a n f i e l d ,  Nucl. I n s t .  and Meth. 138, 437 (1976). 
winding machine. I n t e r f a c e  of t he  IBM PC was completed 3 )  M. Atac, IEEE Trans. Nucl. Sci .  NS-31, 99 (1984). 
by the  d a t a  a c q u i s i t i o n  group. The t a b l e  w i l l  be b u i l t  4) D. Kolt ick ,  SLAC-HRS-197. 
l a t e r .  I f  wire  chambers need t o  be b u i l t  before  the  5)  1982 IUCF S c i e n t i f i c  and Technical Report, p. 214. 
t a b l e  is f in i shed  the  Indiana high energy physics  group 6) 1983 IUCF S c i e n t i f i c  and Technical Report ,  p. 143. 
w i l l  l e t  us use t h e i r  t ab le .  7) This  r epor t ,  p. 109. 
( i v )  Polypropylene s t r e t c h e r  
The polypropylene s t r e t c h e r  was completed e a r l y  i n  
4. S c i n t i l l a t i o n  Detector  Lab 
During the  pas t  year,  75 s c i n t i l l a t i o n  d e t e c t o r s  
have been cons t ruc ted  o r  repai red.  Included i n  t h i s  
t o t a l  a r e  two hodoscope a r r a y s  f o r  t he  r a d i a t i v e  
c a p t u r e  experiment, E234. Two nine-element l i q u i d  
s c i n t i l l a t o r  hodoscopes were const ructed and t e s t e d  f o r  
t h e  cold  high-spin n u c l e i  experiment, E232. These 
l i q u i d  s c i n t i l l a t o r s  were the  f i r s t  t o  be const ructed 
a t  IUCF which optimize the  pu l se  shape d i sc r imina t ion  
(PSD) p r o p e r t i e s  of NE213. Af t e r  a  long i n v e s t i g a t i v e  
process  we now f e e l  t h a t  d e t e c t o r s  which a r e  opera ted 
i n  the  PSD mode, can be b u i l t  rou t ine ly .  
An in-beam experiment was performed during the  
p a s t  summer t o  maximize the  energy r e s o l u t i o n  of 
p l a s t i c  s c i n t i l l a t o r s .  Two d e t e c t o r s  of d i f f e r e n t  
geometr ies  were used. One s c i n t i l l a t o r  was a  cy l inde r  
of NE102 7.6 cm dia .  x 12.7 cm. The second 
s c i n t i l l a t o r  was a  t runca ted  cone, 7.1 cm d ia .  a t  t he  
base  x 12.7 cm. These two d e t e c t o r s  were mounted on 
RCA 4524 photomul t ip l iers .  Various r e f l e c t i v e  wrapping 
methods were t e s t ed .  The scheme which gave the  
b e s t  r e s o l u t i o n  wi th  a  6 0 ~ o  source  (-17.5%) was 
p a i n t i n g  the  f r o n t  s u r f a c e  and top ha l f  of both the  
c y l i n d e r  and cone. The two d e t e c t o r s  were then placed 
a t  20' wi th  r e s p e c t  t o  the  beam inc iden t  on a 12c 
t a r g e t ,  behind b ras s  co l l ima to r s ,  4 cm th i ck  with 0.8 
cm ape r tu res .  The t a r g e t  was bombarded by protons  wi th  
an  energy of 80 MeV. A spectrum of the  s c a t t e r e d  
p a r t i c l e s  was then measured (Fig. 15). The r e s o l u t i o n s  
f o r  the  cone and cy l inde r  were found t o  be 1.93 + 0.1% 
and 1.77 + 0.1%, r e spec t ive ly .  Within the  given e r r o r ,  
both  geometries a r e  equa l ly  good. These r e s o l u t i o n s  
a r e  approaching the  value  which is  u s e f u l  i n  (n,p) 
measurements (1.0% of r e s o l u t i o n  a t  Ep = 100 MeV). 
E p = 8 0  MeV 4 
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Figure  15. Pulse  height  spectrum from a  p l a s t i c  
s c i n t i l l a t o r  cy l inde r  mounted on a  RCA 4524 
pho tomul t ip l i e r .  
A p o s i t i o n  s e n s i t i v e  s c i n t i l l a t i o n  d e t e c t o r ,  which 
was f i r s t  developed i n  1 9 8 2 ~  has  been r e f ined  and was 
shown t o  work very success fu l ly  t h i s  pas t  December. 
The d e t e c t o r  cons i s t ed  of 10 s c i n t i l l a t o r - o p t i c a l  f i b e r  
elements which a r e  a l l  mounted t o  a  s i n g l e  RCA 8575 
photomul t ip l ier .  The o p t i c a l  f i b e r s  d i f f e r e d  i n  l eng th  
by 76.2 cm from one t o  the  next,  r e s u l t i n g  i n  t o t a l  
l e n g t h s  of 30.5 cm t o  716.3 cm. The s c i n t i l l a t o r s  were 
mounted i n  ascending order  of l eng th  on a  frame. This  
d e t e c t o r  was then placed i n  the  64" S c a t t e r i n g  Chamber 
a t  t he  t a r g e t  pos i t i on .  The d e t e c t o r  was bombarded by 
a  0.5 nA beam of 95 MeV deuterons.  The anode s i g n a l  of 
t h e  d e t e c t o r  and t h e  RF s i g n a l  of t h e  cyc lo t ron  were 
f ed  i n t o  a  TAC and the  output  was pulse-height analyzed 
(Fig.  16).  Each peak corresponds t o  an  i n d i v i d u a l  
element. Elements 8, 9, and 10 (563.9 cm, 640.1 cm, 
716.3 cm) do not  show up. This may be due t o  the  f a c t  
t h a t  t he  o p t i c a l  f i b e r s  of t hese  elements a r e  too long 
and the  l i g h t  produced by t h e  s c i n t i l l a t o r  i s  absorbed 
before  reaching the  photomul t ip l ier .  Ca lcu la t ions  show 
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Figure  16. Pulse  height  spectrum from a p o s i t i o n  
s e n s i t i v e  s c i n t i l l a t i o n  de tec to r .  
t h a t  t he  longes t  l eng th  of o p t i c a l  f i b e r  which w i l l  
s t i l l  t r ansmi t  enough l i g h t  t o  f i r e  the  phototube i s  
580 cm. This  ag rees  we l l  wi th  the  observed values.  
Const ruct ion is underway t o  produce an x,y 
d e t e c t o r .  Such a d e t e c t o r  would be u s e f u l  i n  measuring 
t h e  beam p r o f i l e  provided the  beam cur ren t  i s  l e s s  than 
1nA. 
1 )  IUCF S c i e n t i f i c  and Technical Report 1982, p. 212. 
5 )  High-Purity Germanium Detector  Development 
During 1984, high-purity germanium d e t e c t o r s  were 
s u c c e s s f u l l y  used i n  6 experimental  runs consuming over 
30 s h i f t s  of beam time. Only one of these  runs was 
used t o  develop t h e i r  use i n  our a p p l i c a t i o n  a t  IUCF. 
I n  t h i s  experiment, two germanium te l e scopes  were used 
t o  d e t e c t  coincidences  from pfd e l a s t i c  s c a t t e r i n g  
produced by a 160 MeV proton beam i n c i d e n t  on a CD2 
t a r g e t  t o  measure deuteron and proton d e t e c t i o n  e f f i -  
c i e n c i e s  i n  germanium a t  IUCF p a r t i c l e  energies .  The 
deuteron l o s s  r a t i o  was found t o  vary  from about 3% a t  
35 MeV t o  over 20% a t  105 MeV. D e t a i l s  of t hese  mea- 
surements a r e  d iscussed i n  P a r t  l of t h i s  repor t1  and 
compared wi th  previous measurements a t  o t h e r  energies .  
With t h e  except ion of the  above run, l i t t l e  
s p e c i f i c  development work on the  behavior of t hese  
d e t e c t o r s  i n  our r a d i a t i o n  environment has been done 
f o r  t h e  l a s t  two years.  Hovever, a t h r e e  week v i s i t  t o  
IUCF by D r .  Richard Pehl of LBL i n  l a t e  1984 has 
prompted an ex tens ive  review of the  s t a t u s  of our use 
of high-purity germanium f o r  the  d e t e c t i o n  of 
in t e rmed ia t e  energy charged p a r t i c l e s .  The ongoing 
accumulation of d a t a  on the  changes of t he  phys ica l  
p r o p e r t i e s  of t he  Indiana-LBL d e t e c t o r s  dur ing the  
r a d i a t i o n  damage and anneal  cyc le s  experienced over the  
l a s t  4 y e a r s  i s  beginning t o  show some i n t e r e s t i n g  
pa t t e rns .  Chief among these  is an apparent  d i f f e r e n c e  
i n  the  r a d i a t i o n  damage anneal  r a t e  f o r  d e t e c t o r s  made 
from n-type and p-type germanium. Radia t ion damage 
anneal  r a t e  d i f f e r e n c e s  of about a f a c t o r  of fou r  were 
repor ted  f o r  s eve re ly  neutron damaged d e t e c t o r s  i n  the  
1982 annual r epor t .  However, a f t e r  reviewing the  
anneal  h i s t o r y  of t he  most used n- and p-type germanium 
d e t e c t o r s  f o r  t he  l a s t  s e v e r a l  years ,  i t  appears  t h a t  
d e t e c t o r s  made from n-type germanium anneal  
s i g n i f i c a n t l y  f a s t e r  than a s i m i l a r l y  damaged d e t e c t o r  
made from p-type germanium, whether the  damaging 
p a r t i c l e s  a r e  neutrons  o r  charged p a r t i c l e s .  A p r e c i s e  
q u a n t i f i c a t i o n  of t h i s  observat ion needs t o  be made, 
and plans  f o r  doing t h i s  i n  the  near f u t u r e  a r e  being 
discussed.  
Another proper ty  of t hese  d e t e c t o r s  which has 
c l e a r l y  emerged from t h e i r  use here  a t  Indiana i s  t h a t  
t h e  impuri ty  concen t ra t ion  of the  t ransmiss ion 
d e t e c t o r s  f a b r i c a t e d  from n-type germanium can have a 
s i g n i f i c a n t  impact on t h e i r  u s e f u l  l i f e t i m e  i n  a high 
r a d i a t i o n  environment. Because of t he  dep le t ion  b i a s  
r educ t ion  caused by the  c r e a t i o n  of p-type d e f e c t s  when 
being damaged by in t e rmed ia t e  energy p a r t i c l e s ,  
t ransmiss ion d e t e c t o r s  made from very pure n-type 
germanium w i l l  exper ience  a p ropor t iona te ly  l a r g e r  
change i n  t h e i r  impuri ty  concen t ra t ion  (and t h e r e f o r e  
t h e i r  phys ica l  p r o p e r t i e s )  than would one made from 
r e l a t i v e l y  impure germanium. In  one extreme case  
r epor t ed  i n  1982, a very  pure n-type germanium d e t e c t o r  
had a t  l e a s t  p a r t  of i t s  mat ter  changed t o  p-type 
m a t e r i a l  dur ing the  course  of an  experiment. Since  
t h a t  time, t h i s  e f f e c t  has been observed on a t  l e a s t  
one o t h e r  occasion. Hence, when a d e t e c t o r  t e l e scope  
i s  being assembled f o r  use i n  a high neutron o r  charged 
p a r t i c l e  background, we now choose n-type d e t e c t o r s  
which have a high impuri ty  concen t ra t ion  t o  i n s u r e  
t h e i r  s u r v i v a l  f o r  t he  du ra t ion  of the  run. D e t a i l s  of 
t hese  and o t h e r  phenomena observed dur ing the  course  of 
our  use  of t hese  d e t e c t o r s  s i n c e  our  l a s t  published 
r epor t2  a r e  p resen t ly  being prepared f o r  pub l i ca t ion .  
I n  add i t ion ,  s e v e r a l  development runs  a t  Indiana and 
poss ib ly  elsewhere a r e  being planned t o  make a more 
c a r e f u l  measurement of t hese  e f f e c t s .  
The high-purity germanium d e t e c t o r s  a r e  a v a i l a b l e  
f o r  use  by experimental  u se r s  upon request .  Four 
d e t e c t o r  c r y o s t a t s  a r e  a v a i l a b l e  f o r  use  i n s i d e  t h e  64" 
s c a t t e r i n g  chamber o r  e x t e r n a l l y  i n  the  Gamma cave 
us ing the  3-D s c a t t e r i n g  t ab le .  A c u r r e n t  l ist  of t h e  
a v a i l a b l e  d e t e c t o r s  and t h e i r  phys ica l  p r o p e r t i e s  is 
provided i n  Table I. Users may s e t  up t h e i r  own 
Table  I. 
IUCF Germanium Detector  L i s t  
Impuri ty  Depl. No. T o t a l  L i  Layer 
De tec to r  Ge Thickness Concent. Bias Del ta  T o t a l h r s  Thermal h r s  Depth 
No. Type (mm) (xlO1° c p 3 )  (-V) (V) Beam Time Cycles Anneal mm 
TRANSMISSION DETECTORS 
4.4 100 150 200 
4.4 100 400 336 
7.5 1100 200 200 
3.3 1700 100 1276 
2.0 1000 350 504 
2.7 1800 200 1490 
1.6 1600 200 249 
2.4 2200 50 0 610 
1.2 1500 200 1580 
STOPPING DETECTORS 
0.98 350 2000 585 
1.86 1600 2000 1875 
1.10 1200 2000 2067 
1.10 1000 2000 0 
0.75 1700 1500 0 
t e l e scopes  from the  d e t e c t o r s  l i s t e d  o r  request  a 
p a r t i c l e  energy range and l e t  us s e l e c t  t he  d e t e c t o r s  
required.  
1 )  D.L. F r i e s e l  e t  a l . ,  t h i s  r epor t ,  p. 119. 
2 )  A 'Var i ab le  Geometry High-Purity Germanium Telescope 
f o r  Use wi th  In termedia te  Energy charged P a r t i c l e s ,  
D.L. F r i e s e l ,  R.H. Pehl, and B.S. Flanders ,  Nucl. 
Instrum. and Meth. 207, 403 (1983). 
6. Target  Lab Technical S t a t u s  
Target  p repa ra t ions  f o r  1984 included: CD2, 
6 ~ 7 ~ i ,  ~ O B ,  H ~ ~ O B O ~ ,  1 2 3 1 3 3 1 4 ~  15~-melamine, CF2, LiF, 
2 4 ~ g 0 ,  24Mg, Al, 29s3Osio2, S i ,  3 4 ~ ,  K, 4 0 , 4 2 , 4 4 , 4 8 ~ ,  
5 1 ~ ,  5 6 , 5 8 ~ e ,  5 9 ~ 0 ,  7 1 ~ a ,  ca81gr2, 8 7 ~ r ,  9 3 ~ b ,  Ag, Au, 
3 3 ~ s ~ 0 3 ,  1 4 0 ~ e ~ 3 ,  1 4 4 ~ m ,  DyF3, 1 6 5 ~ 0 ,  l a 3 w ,  W03, 
lg9Hg0, 2 0 5 ~ b ,  Bi, 232Th, 2 3 8 ~ ~ 4 .  
Br i e f  d e s c r i p t i o n s  of s e v e r a l  techniques  which 
v e r e  developed o r  extended during the  year  follow: 
1. An ex tens ive  development e f f o r t  produced a 
carbon-14 powder t a r g e t  of 12 mg/cm2 wi th  only 274 
pg/cm2 of binder.  To begin, a non-radioactive analog 
of t h e  14c powder was produced from C02. This  allowed, 
f o r  t he  f i r s t  time, i n v e s t i g a t i o n  i n t o  i t s  i n t r a c t a b l e  
p h y s i c a l  p rope r t i e s .  Subsequently,  i t  was discovered 
t h a t  g r ind ing  the  powder under xylene removed the  
r e s i s t a n c e  of the  f l u f f y  power t o  form a p e l l e t  upon 
compaction. 
The e n t i r e  process  of handling, prepara t ion,  
compacting and packaging was done i n  the  s a f e t y  of t he  
t h e  a b s o l u t e - f i l t e r  hood. This was poss ib l e  because of 
t h e  use  of a new four-column, 5-ton i n d i c a t i n g  p res s  
and a s p e c i a l  compacting d ie ,  both of which were 
designed and b u i l t  in-house ( a t  a very low c o s t )  f o r  
u se  i n  the  hood. 
2. A method f o r  the  reduct ion of i s o t o p i c a l l y  
en r i ched  7 1 ~ a 2 0 3  t o  the  metal was developed. Pure 
me ta l  and an e f f i c i e n c y  of 94.3% were achieved i n  a 
sma l l  t e f l o n  e l e c t r o p l a t i n g  c e l l  of p rec i se  geometry. 
Argon was bubbled through the  s o l u t i o n  t o  i n h i b i t  
unwanted r eac t ions  a t  t he  e l ec t rodes  and t o  cause  the  
Ga meta l  d r o p l e t s  t o  coa le sce  ( thereby minimizing 
chemical a t t a c k  by t h e  so lu t ion ) .  Also, t h e  method of 
forming -25 mg/cm2 t a r g e t s  of Ga (developed l a s t  year)  
was improved by us ing 1" wide t e f l o n  tape  between g l a s s  
p l a t e s  a s  t h e  s u b s t r a t e  f o r  t he  molten metal.  
3. Continuing work on binding pressed powder t a r g e t s  
(wi th  the  sma l l e s t  amount of m a t e r i a l  poss ib l e )  
produced a method which is  q u i t e  simple and has proven 
t o  be highly  use fu l .  A s o l u t i o n  of the  adhesive  from 
common adhesive tape  i n  petroleum e t h e r  is e i t h e r  mixed 
wi th  t h e  t a r g e t  powder o r  sprayed onto a s u b s t r a t e  such 
a s  t h i n  carbon f o i l  (be fo re  a i r - s e t t l i n g  a powder). 
Because the  adhesive  remains s l i g h t l y  s t i c k y ,  t he  
amount of i t  required i s  smal l  i n  comparison t o  the  
amount of CH o r  CH2 requ i red  f o r  t he  same binding 
s t r eng th .  
I n  most a p p l i c a t i o n s ,  t he  f a c t  t h a t  t he  adhesive  
con ta ins  oxygen a s  we l l  a s  carbon and hydrogen is  
o f f s e t  by t h e  sma l l  amount required. S u f f i c i e n t l y  
uniform l a y e r s  a s  t h i n  a s  6 pg/cm2 can be appl ied .  As  
y e t ,  t he  adhesive  has not  " l e t  go" o r  o therwise  f a i l e d  
i n  the  cyc lo t ron  beam. 
An o ld  Orb-1onTM and ,Ti  g e t t e r  pumped s t a i n l e s s  
s t e e l  vacuum s t a t i o n  has been brought i n t o  ope ra t ion  a s  
a r e s u l t  of t he  need t o  s t o r e  seve ra l  f r e s h l y  made 500 
pg/cm2 4 0  * 4 2 , 4 4 ~ a  t a r g e t s  f o r  a run which was 
postponed. Although a Varian spokesman t o l d  us t h a t  
replacement p a r t s  a r e  no longer  a v a i l a b l e  and t h a t  we 
must have the  only Orb-1onTM pump s t i l l  running i n  the  
country ,  t h e  system is  ope ra t ing  s a t i s f a c t o r i l y  and 
w i l l  undoubtedly be of f u r t h e r  use. 
Due t o  the  work load and the  necess i ty  t o  t r a i n  a 
new t a r g e t  l a b  a s s i s t a n t ,  t h e  only development work 
on f i b e r  and whisker t a r g e t s  was the  success fu l  
demonstra t ion t h a t  7p carbon f i b e r s  can be thinned with 
ou r  e l e c t r o n  beam gun. 
At p resen t ,  t h e  l a b  c a p a b i l i t i e s  include: gene ra l  
vacuum evaporat ion,  pack r o l l i n g  i n  a i r  and i n e r t  gas,  
a i r  and l i q u i d  s e t t l i n g ,  e l e c t r o p l a t i n g ,  d i e  press ing,  
a r c  mel t ing,  and reduct ion of most enr iched oxides  t o  
t h e  e lementa l  form. 
7. Data Acqu i s i t i on  
( i )  Computer Systems-Hardware 
The t h i r d  VAX d a t a  a c q u i s i t i o n  system was ordered 
and i n s t a l l e d  t h i s  year.  The computer, a VAX 111750, 
was conf igured i n  much the  same manner a s  the  previous 
two. Dual RA81 456-Mbyte d i s k  d r ives ,  dua l  TU78 6250 
BPI t ape  d r i v e s ,  and 4 megabytes of memory was ordered. 
The higher  d e n s i t y  d r i v e s  w i l l  provide  f o r  more 
e f f i c i e n t  d a t a  s t o r a g e  f o r  some of t h e  l a r g e r  
experiments.  
Because of a D i g i t a l  Equipment Corporation 45% 
g r a n t  through the  Nat ional  Science Foundation, i t  was 
p o s s i b l e  t o  provide an Ethernet  communication system 
f o r  a l l  of t he  VAX's and the  PDP 11/44 c o n t r o l  
computer. Running under DECNet, i t  is  now poss ib l e  t o  
communicate among a l l  t he  systems. As  soon a s  the  new 
c o n t r o l  computer comes on-line,  s p i n - f l i p  w i l l  be 
c o n t r o l l e d  through t h i s  l i n k .  When the  t h i r d  VAX 
11/750 i s  moved i n t o  the  coo le r  bui ld ing,  t h e  Ethernet  
l i n k  w i l l  be extended over an o p t i c a l  f i b e r  cab le  us ing 
DEC model DEREP remote r e p e a t e r s  t h a t  have a l ready been 
purchased. 
The BI-RA MBD front-end has been moved i n t o  the  
downsta i rs  c o n t r o l  room. Because of t he  u p s t a i r s  
l o c a t i o n  of the  cpu 's ,  i t  is  necessary t o  run a Unibus 
over  150 f e e t .  Using two Able Unibus r epea te r s ,  t he  
system performs wi th  no no t i ceab le  degradation. The 
t a p e  d r i v e s  w i l l  soon be moved downstairs a l s o .  A 
s i n g l e  massbus cab le  run of 120 f e e t  w i l l  not  r e q u i r e  
any r epea te r s .  
A second BI-RA MBD was ordered toward t h e  end of 
t h e  year  t o  b r ing  the  second VAX on-line. The MBD is 
only  a temporary s o l u t i o n  f o r  t he  VAX front-end. It 
c e r t a i n l y  does no t  provide  t h e  numerical c a p a b i l i t i e s  
t h a t  a r e  des i r ed  f o r  some of t h e  more complex 
experiments.  It i s  a n t i c i p a t e d  t h a t  t he  LeCroy CAB 
processor  w i l l  provide t h e  long term so lu t ion .  
A p a i r  of high speed da ta  a c q u i s i t i o n  g raph ic  
d i s p l a y s  was purchased t h i s  year.  The s p e c i f i c a t i o n s  
c a l l e d  f o r  a p a r a l l e l  i n t e r f a c e  t o  the  VAX, c o l o r  
d i s p l a y ,  and a t  l e a s t  1024 x 1024 re so lu t ion .  The 
Tektronix  4115B t e rmina l  was c e r t a i n l y  a p o s s i b i l i t y ,  
but i t  was too  expensive. Ins t ead ,  a f t e r  s e v e r a l  
rounds of quo ta t ions ,  a Seiko model GR-2414-50 was 
se l ec t ed .  Though somewhat slower,  78 mega-pixels per 
second, versus  125 MPX, t h e  Seiko c o s t s  $10K l e s s  than 
t h e  Tektronix.  It suppor ts  1280 x 1024 r e s o l u t i o n  wi th  
a 60 Hz r e f r e s h  r a t e  f o r  a f l i c k e r  f r e e  d i sp lay .  The 
t e rmina l  connects t o  the  VAX through a DR11-W 
i n t e r f a c e ,  and uses  t h e  s tandard VAX so f tware  d r ive r .  
A so f tware  suppor t  package is provided s i n c e  the  
parallel t ransmiss ion mode does not  match any s t anda rd  
protocol .  
The s p e c i f i c a t i o n s  f o r  t he  IUCF a n a l y s i s  computer 
were e s t a b l i s h e d  dur ing the  year.  A VAX 8600 (code 
named "Venus"), was t h e  computer chosen a s  t h e  bes t  
compromise between the  computing c a p a b i l i t i e s  r equ i red  
and the  a b i l i t y  of our  l i m i t e d  s t a f f  t o  suppor t  another  
computer manufacturer.  The 8600 i s  equ iva len t  t o  
approximately 3-4.5 VAX 11/7801s. 
The 8600 was ordered i n  a c l u s t e r  conf igu ra t ion  a s  
i t  is  no t  y e t  a v a i l a b l e  i n  any o t h e r  way. The s tandard 
package comes wi th  12 Mbytes of memory, f l o a t i n g  po in t  
a c c e l e r a t o r ,  Ethernet  suppor t ,  s t a r  coupler ,  s t o r a g e  
c o n t r o l l e r ,  and fou r  communications i n t e r f a c e s .  We 
added two RA81 d i s k  d r i v e s  and two TU78 tapes d r ives .  
When the  system a r r i v e s ,  we w i l l  move an a d d i t i o n a l  
RA81 d r i v e  over from an e x i s t i n g  VAX. This  w i l l  
provide  n e a r l y  1.4 Gigabytes of on-line d i s k  s torage.  
It is  a n t i c i p a t e d  t h a t  two of the  o the r  750's may 
be added t o  the  c l u s t e r  l a t e r  i f  i t  is  ope ra t iona l ly  
d e s i r a b l e .  
During 1984 we have added a smal l  number of IBM 
"personal  computers" t o  the  laboratory .  They a r e  being 
used f o r  word process ing,  spreadsheets ,  VTlOO te rmina l  
emulation, CAMAC equipment checkout, and a crude 
automated p r in t ed  c i r c u i t  board layout  system. 
Normally these  func t ions  would e i t h e r  be too expensive 
t o  br ing i n t o  a VAX environment o r  they would r ep resen t  
a s i g n i f i c a n t  manpower investment. Using mainly 
undergraduate s tuden t  suppor t ,  we a r e  providing these  
s e r v i c e s  with l i t t l e  impact on the  main development 
programs. 
( i i )  VAX Data-Acquisition Software Development 
Data a c q u i s i t i o n  development f o r  the  VAX-11/750 
computers has continued a s  descr ibed i n  the  l a s t  
r e p o r t .  l The. program f o r  on-line a c q u i s i t i o n  is  
XSYS/IUCF, a modified ve r s ion  of XSYS developed a t  
TUNL . 
Most of t he  development e f f o r t s  on t h i s  program 
were concentra ted  on the  MBD code, t he  VAX 
da ta -acqu i s i t i on  1/0 and event-sor t ing code, and 
g raph ic  d i sp lay  modules. The code f o r  t he  Bi-Ra 
Micro-programmable Branch Driver (MBD) c o n t r o l s  both 
t h e  CAMAC ope ra t ions ,  and the  direct-memory access  
(DMA) t o  the  VAX. In  add i t ion ,  t he  MBD code can now 
perform l imi t ed  user-programmed a r i t h m e t i c  ope ra t ions  
and t e s t s  which use a simple s e t  of u se r  commands 
developed f o r  f i l t e r i n g  event d a t a  before  t r a n s u i s s i o n  
t o  the  VAX buf fe r s .  The VAX and MBD DMA codes use a 
c i r c u l a r  l ist  of bu f fe r s  which a r e  f i l l e d  and processed 
wi th  front-end delays  between buf fe r s  of l e s s  than 50 
microseconds. 
New graphic  d i s p l a y  modules have been w r i t t e n  t o  
use  a device-independent graphic  subrout ine  package 
(Unified Graphic System from Stanford) ,  which p resen t ly  
suppor ts  our  Tektronix 4112, DEC VT 102/131 
r e t rog raph ics ,  DEC GIG1 terminals ,  and the  TRILOG 
dot-matrix p r i n t e r .  Device modules f o r  t he  ZETA pen 
p l o t t e r ,  and the  new high-resolut ion Seiko GR-2414-50 
D-Scan d i s p l a y  terminal  w i l l  be developed i n  1985. 
Each da ta -acqu i s i t i on  VAX w i l l  have one of the  Seiko 
t e rmina l s  a s  the  p r i n c i p a l  on-line g raph ics  d i s p l a y  
device;  t h e  r e s o l u t i o n  is 1280 x 1024 wi th  up t o  1 5  
colors .  
As planned a s h o r t  da t a -acqu i s i t i on  run wi th  beau 
was done i n  January 1984. The t e s t  demonstrated t h a t  
t he  new program could acquire  da ta  proper ly ,  and helped 
make some adjustments i n  operating-system parameters t o  
optimize virtual-memory paging, which otherwise  tends 
t o  i n t e r f e r e  a t  high d a t a  r a t e s .  Another t e s t  with the  
f a s t - sp in - f l ip  beam was a l s o  done, t o  demonstrate a 
method of i d e n t i f y i n g  sp in  without a d i r e c t  l i n k  
between the c o n t r o l  and da ta -acqu i s i t i on  computers; 
t h i s  l i n k  w i l l  be e s t ab l i shed  sometime i n  1985. 
The VAX with  XSYS/IUCF was used f o r  a physics  
experiment on in termedia te  mass fragments (E260) i n  
November. This experiment had 3 independent events ,  
each with 5 da ta  words, and ran without problems i n  the  
da ta -acqu i s i t i on  system, although s t i l l  using o lde r  
ve r i sons  of t he  d i sp lay  programs. 
Performance t e s t s  of continuous-mode 
da ta -acqu i s i t i on  i n d i c a t e  the  following s t a t i s t i c s  
( t ime  i n  microseconds): 
1. Time from event  LAM (generated a f t e r  ADC 
conversion) t o  busy r e s e t  = 10  + 4*(no. of d a t a  
words) 
2. Time t o  t r a n s f e r  event d a t a  t o  VAX buf fe r  ( a f t e r  
busy r e s e t )  = 10  + 4*(no. of d a t a  words) 
Th i s  r e s u l t s  i n  about 10% dead time f o r  3000 
e v e n t d s e c o n d  wi th  4 d a t a  words. 
We have continued t o  suppor t  LISA f o r  VAX d a t a  
r ep lay ,  and have i n s t a l l e d  the  IAS Alamos Q-system 
so f tware  f o r  d a t a  replay.  Q w i l l  be a v a i l a b l e  a s  an  
a l t e r n a t i v e  da ta -acqu i s i t i on  system a f t e r  sof tware  
updates  and a hardware module a r e  obta ined i n  1985. 
The MBD and CAMAC f o r  t h e  VAX w i l l  be moved t o  the  
control-room a r e a  i n  the  beginning of 1985, and i t  is  
expected t h a t  the VAX conputere w i l l  i nc reae ing ly  be 
ueed for  d a t a  a c q u i s i t i o n  in r r p a r h e u t s  dur ing 1985. 
I n  a d d i t i o n  t o  oupporting needs of c u r r e n t  experlmsnts,  
t h e r e  w i l l  be softwarc development e f f o r t  and planning 
and new experimental  f a c i l i t i e s ,  i nc lud ing  the  
focal -plane  d e t e c t o r  system and f u t u r e  storage-ring 
experiments.  
1 )  IUCF S c i e n t i f i c  and Technical  Report 1983, p. 214. 
B. Future  F a c i l i t i e s  
1. The IUCF-Maryland Dual Spectrometer System 
F a b r i c a t i o n  of the  l a r g e  d ipo le  magnets f o r  t he  
K=300 and K=600 spect rometers ,  along with t h e i r  main 
and t r i m  c o i l s ,  was completed i n  the  summer of 1984. 
Inspec t ion  of the  assembled magnets a t  t he  f a b r i c a t o r  
(Demmer Corporation of Lansing, M I )  had shown a l l  
po le - t ip  assembl ies  t o  be we l l  wi th in  the  s p e c i f i e d  
l i m i t s  of dimensional t o l e rances ,  f l a t n e s s ,  s u r f a c e  
f i n i s h ,  and median-plane symmetry. The K=300 magnet 
was reassembled a t  IUCF i n  June and powered up f o r  
pre l iminary  magnetic f i e l d  measurements. The magnetic 
p r o p e r t i e s  of t h e  i r o n  were found t o  be very  good; t h e  
d e s i r e d  maximum f i e l d  of 17 kG was indeed achieved a t  
t h e  des ign c u r r e n t  and appears  t o  be w e l l  below t h e  
s a t u r a t i o n  l i m i t .  Through a s e r i e s  of edge f i e l d  scans  
we determined the  optimum dimensions and l o c a t i o n  of 
t h e  "Rose shims" which a r e  mounted a long t h e  s i d e  edges 
of t he  pole  t i p s  i n  o rde r  t o  i n c r e a s e  t h e  usab le  width 
of t h e  uniform f i e l d  region by nea r ly  10 cm (except  a t  
t h e  h ighes t  f i e l d s )  and thereby achieve t h e  f u l l  des ign 
s o l i d  angles  f o r  t he  spect rometers .  
During the  summer we completed the  assembly of the  
l a r g e ,  high-precision X-Y f i e l d  mapping t a b l e  and 
i n t e r f a c e d  i t  t o  the  computer-controlled probe d r i v e  
and da ta -acqu i s i t i on  system. A l i n e a r  a r r a y  of 16 H a l l  
probes mounted a t  t h e  end of a 3m long l igh twe igh t  but  
very  s t i f f  arm (a  composite s t r u c t u r e  of carbon f i b e r s  
and aluplinlpn honeycomb) permits  us t o  map e f f i c i e n t l y  
an  a r e a  of nea r ly  2m x 3m ex ten t .  The dedicated 
mapping computer system p r e c i s e l y  c o n t r o l s  t he  probe 
pos i t ion ing  wi th  a minimum of o s c i l l a t i o n  through 
c a r e f u l l y  programmed acceleration/deceleration 
sequences dur ing the  motion. A t  each mapping po in t  t he  
computer reads  and processes  a l l  H a l l  vo l t ages  v i a  a 
mul t ichannel ,  h igh-precis ion d i g i t a l  vol tmeter  and 
records  the  d a t a  on magnetic tape  f o r  o f f - l i n e  a n a l y s i s  
on a VAX 11/750. The i n t e r f a c i n g  and debugging of the  
mapper c o n t r o l  and read-out system hardware and 
sof tware  took considerably  longer  than a n t i c i p a t e d  ( i n  
p a r t  a s  a r e s u l t  of d e f e c t s  i n  the  commercial, 
microprocessor-based motor c o n t r o l l e r )  and delayed the  
s t a r t  of t he  K=300 f i e l d  mapping by nea r ly  two months. 
A complete s e t  of f i e l d  maps a t  va r ious  magnet 
e x c i t a t i o n s  was obta ined by mid-December and i s  
awai t ing computer a n a l y s i s  i n  p repa ra t ion  f o r  magnetic 
shimming of the dipole entrance and exit boundaries to 
produce the desired field boundary contours. 
Installation of the first of the two Ka600 dipole 
magnets in the mapping area also commenced before the 
end of the year. During the spring of 1985, mappiag 
and remapping (after shimming) of all three 
spectrometer dipole assemblies set up in this area 
should proceed efficiently on a rotating basis by 
simply relocating the mapper table as needed. 
Fabrication bids for the large-aperture, 
open-sided entrance quadrupole magnets were received in 
October, but since even the lowest bid came in 
considerably over budget, we decided on in-house 
machining of the massive steel yokes, with only the 
specially contoured pole pieces and coils fabricated 
outside. Other small magnets (septum and hexapole 
magnets for the K=600 spectrometer) have been designed 
and in part fabricated. The main dipole vacuum 
chambers are being fabricated by an outside vendor and 
are expected to be delivered early in 1985. 
Turbomolecular pumps to evacuate these chambers have 
been ordered. 
The detailed engineering design of the dual 
spectrometer carriages, along with the conventional 
wheel-and-track drive systems and a common, low-profile 
central hub, was completed only recently and 
fabrication bids are being solicited. The design of 
these spectrometer support systems and associated 
tracks had undergone considerable reevaluation and 
modification during the past several months, 
culminating in a much simpler yet stronger design. 
Prototype dipole leveling and alignment fixtures 
underwent evaluation and load testing in preparation 
for final design and fabrication in quantity early next 
year. A massive turnover fixture (for safely rotating 
the 34-ton K=300 dipole assembly from its horizontal 
asseably orientation to its final, vertical operating 
position on its carriage) was fabricated in the IUCF 
machine shop. 
Detailed planning of the hardware configuration 
for the new beam line Loading to the dual-epectrometer 
target location has cmmmced; all bending and 
focussing magnets, along with their support stands and 
power supplies, are in house. Development of beam line 
and spectrometer utilities are reasonably far advanced: 
AC power installation on the service balcony is 
complete; the University of Maryland DC power supplies 
for the spectrometer dipole magnets have been 
renovated; procurement and installation of the 
extensive new cooling water system serving both the 
cooler-storage ring and the dual spectrometers began in 
the fall. Acquisition or fabrication of controls 
components and circuits for beam line and spectrometers 
is 80% complete. The concrete roof beams and wall 
blocks for shielding the dual-spectrometer area have 
been acquired, and riser blocks to support the 
roofbeams at the 17' level (up from the normal 12' 
level of the high bay) over the whole dual-spectrometer 
area are being designed. 
The present schedule for completion of the dual 
spectrometer project is predicated on the decision to 
bring the K=600 spectrometer into operation first and 
as soon as feasible, with the K=300 installation 
delayed until some appropriate time (2-3 months) after 
the start of K-600 spectrometer tests with the beam. 
This latter milestone is scheduled for August 1985. 
This K=600 schedule is consistent with our expectation 
that mapping and shimming of the dipole fields will be 
completed in May 1985, track and carriage installation 
can occur during the May-June period, followed by 
magnet installation and alignment in the period 
July-August. Fabrication and testing of entrance 
quadrupole and vacuum chambers should be count ing r a t e  c a p a b i l i t i e s  w i l l  be i n f e r i o r  t o  the  
completed w e l l  ahead of t h e i r  i n s t a l l a t i o n .  f i n a l  amplif ier-per-wire design. 
I n s t a l l a t i o n  of the  new beam t r a n s p o r t  l i n e  t o  the  dual  
spect rometer  a r e a  ( inc lud ing  QDDM r e l o c a t i o n ) ,  t h e  
s h i e l d i n g  wa l l  s epa ra t ing  the  spect rometer  and beam 
swinger,  and the  s e r v i c e s  (AC, DC power; coo l ing  water) 
hope fu l ly  can proceed i n  p a r a l l e l  dur ing l a t e  
spr ing-ear ly  summer, d i c t a t e d  p r imar i ly  by the  
exper imenta l  schedule  f o r  t he  swinger system i n  the  
s p r i n g  of 1985; l i t t l e  progress  can be made u n t i l  t he  
swinger a r e a  s h i e l d i n g  can be dismantled f o r  a  per iod 
of about 3  months. 
Wire Chambers f o r  the  Dual Spectrometer System 
Due t o  a  s p a t e  of unforseen problems wi th  o the r  
multi-wire chambers and h e l i c a l  d e t e c t o r s  i n  use 
throughout the  l abora to ry ,  t he  des ign and cons t ruc t ion  
of  t h e  prototype d e t e c t o r s  f o r  t he  K=600 spect rometer  
have been delayed. Progress  has been made, however, on 
t h e  cons t ruc t ion  of a  high-precison, microcomputer- 
c o n t r o l l e d  wire  winding machine, and we now a n t i c i p a t e  
t h a t  prototype f o c a l  plane wire  chambers w i l l  be con- 
s t r u c t e d  and ready f o r  t e s t i n g  i n  e a r l y  summer of 1985. 
However, s i n c e  the  K600 spect rometer  is  expected 
t o  be on l i n e  and ready f o r  i n i t i a l  t e s t s  before  the  
planned fas t - readout  e l e c t r o n i c s  f o r  the  chambers w i l l  
be a v a i l a b l e  ( s e e  the  fo l lowing s e c t i o n  of t h i s  
r e p o r t ) ,  t he  p lans  f o r  d e t e c t o r  cons t ruc t ion  have been 
a l t e r e d  so  t h a t  t he  K600 may be t e s t e d  and used wi th  
i t s  f u l l  r e s o l u t i o n  c a p a b i l i t i e s  but a t  a  reduced 
count ing r a t e .  The d e t e c t o r s  used i n  t h i s  i n i t i a l  mode 
w i l l  be i d e n t i c a l  t o  the  f i n a l  s e t  of d e t e c t o r s  except  
t h a t  i n s t ead  of the  ind iv idua l  wire  readout t o  be used 
i n  the  f i n a l  s e t ,  t he  i n i t i a l  s e t  of chambers w i l l  have 
anode wires  connected t o  delay l i n e s .  Hence the  
accuracy w i l l  be adequate f o r  ray t r a c i n g  but t he  
Focal  Plane E l e c t r o n i c s  f o r  t he  Dual Spectrometer 
System 
Some progress  towards t h e  s o p h i s t i c a t e d  
focal -plane  d e t e c t o r  and f a s t  read-out e l e c t r o n i c s  
system descr ibed i n  the  1983 IUCF Annual Report1 has  
been made. The funding proposal  t o  the  NSF received 
g e n e r a l l y  f avorab le  reviews and was i n  p r i n c i p l e  
approved i n  f u l l .  A f i r s t  i n s t a l l m e n t  of $150K was 
received i n  l a t e  September which w i l l  a l low us  t o  
proceed wi th  a c q u i s i t i o n  and f a b r i c a t i o n  of enough 
components t o  provide  a  complete s l i c e  (wire  chamber t o  
d a t a  a c q u i s i t i o n  computer) through t h e  system f o r  
proof-of-pr inciple  demonstration of the  proposed 
concept and hardware (now a n t i c i p a t e d  t o  occur i n  the  
f a l l  of 1985). 
Design work, prototyping and purchasing of 
e l e c t r o n i c s  is  proceeding somewhat behind schedule.  
Most of t he  de lay  has been due t o  problems i n  s e l e c t i n g  
a  proper chamber preampl i f ier .  
Seve ra l  preamps a r e  being evaluated f o r  t he  
system: LRS 2735A, LRS 2735B, Nanometric N-277C, and a  
CERN card. Time slewing and noise  t e s t s  i n d i c a t e  t h a t  
t h e  LRS 2735A w i l l  probably be the  card  used i n  t h e  
f i n a l  d r i f t  chamber system. 
The system f o r  the  K600 and K300 spect rometers  
w i l l  involve  about 750 channels of TDC information. 
LRS 4201 TDC's w i l l  be used i n  conjunct ion wi th  a  l a b  
b u i l t  32-way mul t ip l exe r  and h i t - r e g i s t e r  module (MUX). 
This  TDC w i l l  provide the  required 1/2 nsec  time 
r e s o l u t i o n  f o r  t he  v e r t i c a l  d r i f t  chambers wi th  a  
d i g i t i z a t i o n  time of about one microsecond. S ix  
p ro to types  of t h e  MUX have been cons t ruc ted  and the  
artwork f o r  t he  product ion u n i t  is  underway. 
To achieve the  goa l  of t en  percent  dead-time a t  10 
kHz event  r a t e s ,  we a r e  des igning a simple high-speed, 
read-only CAMAC c r a t e  c o n t r o l l e r  f o r  t he  system. An 
inexpensive,  gene ra l  purpose commercial CAMAC 
c o n t r o l l e r  w i l l  provide f o r  s e l f - t e s t i n g  and con t ro l ,  
wh i l e  the  lab-bui l t  u n i t  w i l l  empty the  c r a t e  i n  an  
abbrev ia t ed  CAMAC cyc le  i n  about 5 microseconds. The 
des ign  of t h i s  u n i t  i s  underway. It is  worth not ing 
t h a t  FASTBUS cannot supply the  necessary  time 
r e s o l u t i o n  nor the  required duty cyc le  f o r  t he  
readout .  
A f t e r  being compacted i n t o  a high-speed FIFO 
b u f f e r ,  t he  d a t a  stream (of about 50 words) w i l l  be 
s e n t  t o  a preprocessor .  Present  p lans  c a l l  f o r  t he  use  
of  an  a r r a y  of 11-73's t o  handle the  expected d a t a  
r a t e s .  We a r e  eva lua t ing  the  use of an  MDB Systems 
model MLSI-JFEP11 f o r  the  front-end processor.  This  
device  w i l l  ope ra t e  i n  a s t anda rd  Q-bus backplane i n  a 
multi-processor conf igurat ion.  Each u n i t  has 
dual-ported memory and s t a t u s  r e g i s t e r s  f o r  
communications wi th  a host  processor.  Depending on the  
a c t u a l  throughput a t t a i n e d ,  approximately 10 u n i t s  w i l l  
be used i n  t h e  f i n a l  a r r ay .  
P r e p r i n t  p lans  a l s o  provide f o r  a pu l se  i n j e c t i o n  
and vo l t age  monitoring system, s o  t h a t  a l l  t he  
e l e c t r o n i c s  may be t e s t e d  under closed-loop con t ro l .  
A l l  t h re sho lds  w i l l  a l s o  be under computer con t ro l .  
1) 1983 IUCF S c i e n t i f i c  6 Technical Report, p. 216; 
s e e  a l s o  "A Focal  Plane Detector and Fas t  
E l e c t r o n i c s  System f o r  the  IUCF Dual Magnetic 
Spectrometers",  H. Nann, December 1983. 
Figure 17. Clockwise from upper l e f t :  a) Base for magnet mapping system, b) K300 dipole during assembly, 
c )  Ferrite kicker magnet for the beam s p l i t t e r ,  d) Stripper loop mounted in  beam l ine  one. 
